T HE granting of independence to Angola in 1975 was followed by nearly 30 years of civil war that devastated the commercial and academic infrastructure and destroyed agricultural productivity and scientific progress in the country. A joint project of Chevron-Texaco-US Agency for International Development (USAID)-WorldVision-IIA (Instituto de Investigações Agronómicas)-Faculdade de Ciencias Agrárias (Instituto de Desenvolvimento Agronómica) sought to provide basic agronomic information to restore food production, which had been lost during the war. As a result of the war, the region was in the grips of famine as recently as 2003 and 2004 . The collaborative project focused on the food crops maize (Zea mays, L.), potato (Solanum tuberosum, L.), and beans (Phaseolus vulgaris, L.).
The US Agency for International Development/Angola provided short-term support for technical assistance by the Soil Management Collaborative Research Support Program (SM-CRSP), managed by the University of Hawaii at Manoa.
The objectives of the work reported here were to provide critical information to permit the resumption of production of maize, potato, beans, and other food commodities that could immediately alleviate the famine conditions and reduce the need for emergency food distributions by external relief organizations. In addition, local capability to diagnose and prescribe nutrient management in support of food production systems had been destroyed either through destruction of the facilities or the evacuation of technical personnel to the few safe zones of the country. The use of decision aids to capture and transfer the results of the field studies was proposed as a way to extrapolate and extend the results of the field experiments to representative soils and locations in the province of Huambo as well as to other provinces comprising the Planalto.
MATERIALS AND METHODS

Climate
The province of Huambo is one of six provinces associated with the Planalto of Southern Angola, with the city of Huambo serving as the administrative center of the province. The province of Huambo is located at about 1600 m of altitude, and it has bimodally distributed rainfall of approximately 1200 mm (Fig. 1) . Temperatures are lower from May to August and are sufficiently cool for the production of crops such as potato, wheat, strawberries, and so on. Available data suggest that this temperature regime is isothermic according to Soil Taxonomy (Soil Survey Staff, 1999) . This temperature regime indicates cool temperatures and relatively little change in temperature between summer and winter.
Experimental Sites
Sites of the implementation of the ProPlanalto experiments are indicated in Fig. 2 . They constitute ranges in soils, potential for irrigation, topography, and in communities representative of Planalto region with high production potential.
Soils
Although there has not been any significant research in the 30 years since independence, a survey of soils of the region carried out in the 1960s provides useful information (Centro de Estudos Pedológicas, 1961) . Soil analysis, however, has not been available since independence. One of the objectives of the SM-CRSP partnership was to provide soil analysis and interpretation information for the ProPlanalto project. In addition to the nutrient diagnoses and prediction carried out with the decision-aids software, the soils were, to the extent possible, classified according to Soil Taxonomy (Soil Survey Staff, 1999).
Soil Analysis
In 2004, soil samples from the experimental and demonstration sites were collected and analyzed for nutrient status to assist in the interpretation and extrapolation of the results of the field studies. The results of that survey are given in Table 1 for both physical and chemical properties. These analytical data were probably the first soil analyses in 30 years.
Crops The ProPlanalto project began a series of field experiments to determine which of the current world genetic lines of maize, potato, and beans would be best suited for the Planalto ecosystem. Because the agricultural infrastructure was still unable to support hybrid seed production and distribution, a choice was made to begin the work with open-pollinated maize, which would permit replanting of selected seed from Fertilizer Materials In 2002, the only fertilizers available on the market were 12-24-12 and urea. This limited selection of fertilizers thus required the application of potassium (K) to supply phosphorus (P) and vice versa. The lack of a fertilizer with only P or K resulted in a situation where K fertilizer was applied whether or not it was needed.
These experiments were located on several sites selected to represent the most important agricultural production regions of the province (Table 1) .
Statistical and Economic Analysis
Experiments were analyzed using standard experimental statistical techniques with the Statistix 8 1 software (Analytical Software, Tallahassee, FL). The economic evaluation of fertilizer treatments was carried out using the economic dominance analysis methods of Harrington (1988) . Figures were prepared with SigmaPlot 9.1 (Systat Software Inc., Point Richmond, CA).
RESULTS AND DISCUSSION
The analytical results of the soils sampled at each of the project experimentation sites during 2004 are shown in Table 2 .
Soil Groups
An attempt to group and relate the soils suggests that nearly all of the soils of the province belong to the isothermic temperature regime (mean annual temperature at 50-cm soil depth is between 15 and 22 -C, and the difference between summer and winter temperatures is less than 5 -C; Soil Survey Staff, 1999) using data from Instituto de Investigações Agronómicas (1968) . There is a clear and very definite dry season that meets the Soil Taxonomy criteria for a Ustic soil moisture regime for soils not affected by specific topographic position. An important additional soil moisture regime is that of an aquic soil moisture regime for soils that remain flooded throughout the year because of their low topographic position and those soils with a shallow lateritic layer that impedes drainage. The soils represented in Table 2 can be grouped into approximately four groups of soils (Table 3) .
Oxisols
The dark red clayey soils of the Chiangas Experiment station near Huambo (Fig. 2) appear to be Oxisols and specifically, Typic Eustrustox, similar to the dark red Latosols of Brazil (Lopes, 1984) . They are not pervasive, occurring only in a few locations in the province, and appear related to specific geology (Centro des Estudos Pedologicas, 1961).
Ultisols
Soils of Bailundo ( Fig. 2) are the second most weathered group of soils and one of the most extensive groups comprising soils of the Cena, Tewa-tewa, Quinze, and Nganga sites, all of which are Kanhaplustults. This grouping suggests that the soils are significantly acid and could require limestone as well as nitrogen (N), P, and K to achieve maximum productivity.
Alfisols
The reddish yellow soils of Kapunge and the reddish brown soils of Dango are also quite weathered, but not to the extent of the soils of the Bailundo and Chiangas areas. These soils with the Ultisols mentioned above comprise the most extensive groups of soils of the region and probably the Planalto, although this remains to be determined. Both groups of soils have good yield potential, provided the rather severe nutrient limitations are overcome with nutrient management. The Alfisols may not need liming unless there are large and repeated applications of ammoniacal fertilizers.
Inceptisols
The black Bnacas^soils or those located in the ravine bottoms near perennial streams and rivers are dominated by the periodic flooding. These soils have developed in the lower toeslope or floodplains of intermittent or perennial streams. These soils are thus frequently poorly drained and often have high water tables and contain larger amounts of organic C (with as much as 5% Organic Carbon) ( Table 2 ). The classification of Epiaquepts indicates that the soils are dominated by the high water table and periodic flooding. 814 ASANZI, ET AL. SOIL SCIENCE Levels of nutrients, contrary to common opinion, are also quite low in these soils. The distinct differences in color of these soils lead to a practical observation that many important properties can probably be grouped on the basis of soil color. We propose considering a visual soil identification system based on color and soil depth to be used in the field and, for example, taught to extension staff and farmers (Boonsompopphan et al., 2005) .
General Soil Properties Physical Properties
As indicated in Table 2 , soils varied from 6 to 85% sand, with major groups of soils range in the 60 to 70% sand and some in the 20 to 40% sand category. Amounts of silt, which relates to water that is held in the range most accessible by plants, vary from 6% to about 45%, with the soils in the 60 to 70% sand range. The most highly weathered soils contain very little silt, probably because this size fraction also corresponds to the soil fraction that contains weatherable primary minerals. Clay contents, a factor that strongly affects the soil ability to hold nutrients and sorb P, vary from 9 to 60%, with the lower values seeming to be among the most common in soils of the 60 to 70% sand range. In summary, it appears that the soil texture most widely represented is one of coarse-textured soils ranging from 50 to 70% sand, 20 to 40% silt, and 9 to 20% clay.
General Soil Chemical Properties
Soil pH seems to be one of the least varying properties-varying from 5.1 to 5.8. Although this suggests that only a few of the most acid soils will require limestone, it also is a note of caution that, with the coarse texture of the majority of the soils and the popularity of potato as a main crop, there is a need to monitor soil pH carefully to anticipate the probable acidification that is sure to occur if high rates of N are applied. Soils with a water pH of less than 5.5 were analyzed for KCl-extractable aluminum (Al), and the results confirmed that, at pH less than 5.5, Al toxicity may become a concern.
Levels of soil organic carbon and organic N vary markedly among the soils. Soil organic C tends to be highest in soils of two topographic positions.
The Bnacas^soils of the low topographic positions and where as much as 5% organic C is recorded (Table 2) . Soils on the plateau that are highly weathered soils as exemplified by the soils of Chiangas station and the heavy clay soils of Kapunge which may have as much as 2 to 3% OC. These soils are likely to fall into the Alfisol, Ultisol, and Oxisol soil orders. As expected, organic N levels track organic C levels. Effective cation exchange capacity (ECEC) is low in all soils, ranging from less than 1 to no more than 6 cmol c kg j1 (Table 2 ). This indicates that the soil materials are generally highly weathered with low nutrient retention capacity. A calculation of the ECEC/% clay indicates that essentially all soils fall below 16 cmol c kg j1 clay, which is typical of low-activity clays of highly weathered soils (Uehara and Gillman, 1982) . Using a level of 200 mg kg j1 as a minimum level of calcium (Ca), we find that most soils are low in Ca. This means that if these soils become more acid which might occur with repeated applications of ammonium sulfate or even urea, these soils may require additions of agricultural limestone. The levels of soil magnesium (Mg), in contrast, appear to be adequate in most cases. Assuming a critical level of 50 mg K kg j1 , 11 of the 23 soils are low, indicating that, for a majority of soils, the application of the most commonly used fertilizer (12-24-12) would result in wasted fertilizer K.
Soil P levels as measured by Bray or Mehlich-1 indicate that if we consider 10 to 15 mg P kg j1 as a critical level, then it is one of the most consistently deficient nutrients with nearly 20 of the 23 soils deficient in soil P. This low soil P is consistent with the other indications that most soils of the region are highly weathered. Those soils where P is high (Table 2) are generally on experiment stations where they likely have been fertilized in the past, and thus, the adequate to high levels of P may be residual P from earlier fertilizer applications to experiments.
In summary, the soils generally appear to be highly weathered, with low nutrient status, especially of P, variable in K content and Ca, and moderate in Mg, with a marginal soil pH that could drop to yield-limiting acidity if not carefully monitored. A preliminary estimate is that most soils are sandy Alfisols or Ultisols, with small inclusions of clayey Oxisols. In most cases, the soils are coarse textured, with most being loams of some derivation-such as sandy loams, loams, loamy sands, or sandy clay loams. Only a few soils are clayey, and these tend to be the red Oxisols, such as those found on the Chiangas Experimental Station, which do not represent the majority of the agriculturally important soils of the province. Lastly, it is clear that soil nutrient status is highly variable, suggesting that management of these soils would benefit 
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ASANZI, ET AL. SOIL SCIENCE from site-specific nutrient management and concepts of precision agriculture (Attanandana and Yost, 2003 ).
An Inventory By Satellite Imagery
An inventory of the food production systems would not be complete without illustrating the rapid changes that have occurred in the Planalto after the cessation of hostilities in 2002. To illustrate this change in agricultural activity and the increased need for the ProPlanalto information, a set of high-resolution satellite images (Quickbird) -28-2004) , and the results portrayed the dynamics of the region in land use (Fig. 3) . The images were geoprocessed, and a change detection procedure was performed. To better illustrate the land use, a region of 5.140 km 2 was cropped from the original scene and classified into broad classes (Table 4) .
In 2002, the cultivated land represented only 14.4% of the total selected area, and the majority of arable land appeared as either fallow or simply uncultivated. A substantial amount of the land appeared to be in an undisturbed status, that is, never used before by the community. By 2004, the cultivated area increased dramatically, occupying more than one third of the total area of the selected scene (Fig. 3) and more than any other single land use. In 2004, the area of cultivated crops in the region increased by 23.3% (Table 4) . Indeed, many fields that appeared in 2002 to be inappropriate for cultivation were fully in agriculture production by 2004. Most of the lands mobilized for agriculture production were derived from the areas classified as undisturbed. Undisturbed land decreased from 277 ha (54%) to 117 ha (23%) during the 2-year lag period for this small village.
This high-resolution imagery has illustrated and documented the dramatic increases in land use and would be a valuable resource for regional planning to increase agricultural productivity, reduce food shortages, and increase food security of this region.
Summary of ProPlanalto Results
Results of the ProPlanalto project are available through a report prepared by Asanzi et al., 2005 . A few of the highlights of the unpublished annual report are given here.
The maize growing season of the Planalto, at least in Huambo, varied from 120 to 210 days with the longer growth period occurring during the dry cool season (Bnacas^). Open-pollinated maize varieties ZM521 and ZM621 yielded well, but the highest yields, not surprisingly, occurred with hybrid maize SC713. Maize yields ranged from 4000 kg ha j1 in the rainy season to 9000 kg ha j1 in the dry cool season. Fertilizer rates of 100 kg N ha j1 and 50 kg P ha j1 with 25 kg K ha j1 were among the highest yields. Occasionally, 100 kg N ha j1 and 100 kg P ha j1 were needed for maximum yields. There were instances of K and, possibly, sulfur response in certain soils. Potato varieties Romanos and Diamante were among the highest yielding varieties with rainy season yields of 4000 to 7000 kg ha j1 where 100 kg N and 200 kg P ha j1 were applied. During the dry cool season, potato yields increased to 12,000 to 16,000 kg ha j1 where 220 N, 240 P, and 120 kg K ha j1 were applied. Maize produced for seed was highly profitable, but for feed grains, it was only marginally profitable (Fig. 4) . Potato was highly profitable at all yields (Fig. 5) . 
‹
River banks subject to periodic flooding covered by natural vegetation.
P
Land with a clear sign of past agriculture intervention (i.e., faded field boundaries) but left unplowed and unseeded at the time the images were captured.
Testing Decision-Aids NuMaSS and PDSS
One of the purposes of the decision-aids NuMaSS and PDSS was to capture the knowledge of nutrient management in other soils and crops and make that information available for use in new situations. In this way, decision aids can facilitate the transfer and extrapolation from a set of experiments to other situations and new crops and soils as long as the conditions of the initial knowledge and practice are similar. The soil data collected from the experimental sites of Kapunge, Dango, and Quinze were input into the NuMaSS and PDSS decision aids to predict fertilizer requirements with the following results for maize (Table 5) and potato (Table 6) .
Nitrogen requirements do not vary as much as the K and P requirements; however, in conditions of high rainfall, the coarse-textured soils such as those at Quinze and Dango would lose proportionally more nitrate N. The P requirements reflect both the differing levels of extractable P as well as the varying reactivity to 
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ASANZI, ET AL. SOIL SCIENCE P. The Kapunge soil, although not the lowest in extractable P, will require substantially more P for potato than the Dango soil, simply because of the higher content of clay and greater surface for P sorption. Fertilizer K recommendations vary substantially because extractable soil K levels vary, but also because crop requirements for K are substantially high for potato than for maize (Tables 5 and 6 ).
SUMMARY
The results of this study point out the need for a comprehensive and ongoing assessment of soil resources for producers of the province of Huambo and of the country. Although many similarities were seen among soils, the properties vary sufficiently that a detailed survey or knowledge of soil resources is recommended for optimum management of the soil resources. It is likely that some of the newer survey techniques that exploit capabilities of remote sensing and geographic information systems can improve and facilitate the surveys. The sandy texture of the soils has strong implications for management because such soils usually have relatively low buffering capacity and can become acid after just a few crops when large amounts of N, needed by highly productive crops, are applied in ammonium or urea form. This points out the need for monitoring of soil pH by soil analysis. In addition, leaching and loss of nutrients from the sandy soils can easily occur during intensive rainfall or excessive irrigation. The leaching of nitrate N and possible loading of local streams with nitrate N are a concern because the headwaters of the Okavango Delta are located in the adjacent Bié province. The low buffering capacity of the soil suggests a great importance of diagnostic methods to assess nutrient status. The activation of the Soil Analysis Laboratory at the Chiangas Station, with the assistance of WorldVision and the SM-CRSP Project and its maintenance by IIA and the Faculty of Agriculture, Universidade de Agostinho Neto, is needed to provide needed support for expanding the agricultural production of the region. The use of test kits and decision aids also seem to be a promising solution to assist in providing diagnostic, prescriptive, and economic analysis information to address this challenge (Attanandana and Yost, 2003) . The region appears to have extensive resources of water that could be used for irrigation during the dry season or the Bnacas.^This availability of irrigation water appears to be a significant resource that needs to be inventoried and can provide a measure of sustainability to the currently meager and volatile food supply. In the course of the study, it was observed that, currently, the only available phosphate fertilizer was 12-24-12, which requires the application of both P and K to meet the widely occurring P deficiency. Soil analysis indicates that the requirements of P are often quite different from those of K and that a number of soils appear to contain adequate levels of K. With the very poor roads and costly transportation, the provision of higher analysis fertilizers, such as 18-46-0, which provide the option of applying N and P without K is strongly recommended. 
